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A method and an apparatus for air conditioning for vehicles by controlling circulation of inside air and introduction of 
outside air. 



(57) A method for air conditioning for vehicles comprising a 
step of detecting a temperature of a passenger compartment 
of a vehicle, an atmospheric temperature and a preset temp- 
erature in the initial period of air conditioning, a step of judg- 
ing the results of comparisons between said temperatures 
and a step of switching between air conditioning by the circu- 
lation of inside air and air conditioning by the introduction of 
outside air: 
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A METHOD AND AN APPARATUS FOR AIR CONDITIONING FOR 
VEHICLES BY CONTROLLING CIRCULATION OF INSIDE 
AIR AND INTRODUCTION OF OUTSIDE AIR 



TECHNICAL FIELD 

The present invention relates to a method and apparatus 
for air conditioning for vehicles with passenger compart- 
ments, such as automobiles, by controlling the circulation 
of inside air and the introduction of outside air. 

BACKGROUND ART 

A method for controlling an automobile air conditioner 
has been in whic-h heating or cooling of air is . 

controlled by an air conditioner and a switch door in the 
path of the air is switched between a position enabling 
the circulation of inside air and a position enabling the 
introduction of outside air (See U. S. P. 3315730). 
However, in such a prior art method, only a limited number 
of variables are detected to determine the switching 
between the circulation of inside air and the introduction 
of outside air. Accordingly, such a prior art method 
cannot comply with the requirement that the air conditioning 
for a vehicle should be controlled by taking into account 
various factors associated with the conditions of the 
vehicle and the temperature at any time of year. 
SUMMARY OF THE INVENTION 

It is the main object of the present invention to 
provide a method and an apparatus of air conditioning for 
vehicles by controlling the circulation of inside air and 
the introduction of outside air in which the air conditioning 
for a vehicle is effected in optiomal manner in accordance 
with the relationships among a passenger compartment 
temperature, an atmospheric temperature and a preset 
temperature. 

According to the present invention, a method for air 
conditioning for vehicles with passenger compartments by 
controlling the circulation of inside air and the introduction 
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of outside air is provided in which an inlet for inside 
air and an inlet for outside air are selectively opened 
and closed , and the circulation of inside air and the 
introduction of outside air are selectively effected, said 
method is characterized in comprising a step of detecting 
a temperature of a passenger compartment of a vehicle f 
atmospheric temperature and a preset temperature in an 
initial period of air conditioning, a step of judging the 
results of comparisons between said temperatures and a 
step of switching between air conditioning by the circulatior 
of inside air and air conditioning by the introduction of 
outside- air. 

.^jgftEP DESCRIPTION OF THE DRAWINGS 

Figs. 1A and IB illustrate an apparatus for air 
conditioning for an automobile in accordance with an 
embodiment of the present invention, 

Fig. 2 illustrates a logic flow chart of a control 
procedure for the system of Figs. 1A and IB, and f 

Fig. 3 illustrates a modified embodiment of a switch 

door. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
A system of a±r conditioning for an automobile in 
accordance with an embodiment of. the present invention is 
illustrated in Figs. 1A and IB. A duct 3 is connected to 
a passenger compartment 1, a switch door 6, a blower 31 , a 
evaporator 32, an air blend door 33 and a heater 34 are 
provided in the duct 3. When the switch door 6 is in its 
uppermost position, outdoor air is introduced into the 
passenger compartment 1 through an inlet 5 and the duct 3 
and is exhausted through an outlet 11. When the switch 
door 6 is in its lowermost position, the inside air is 
circulated from the passenger compartment 1 through an 
inside air channel 4 and the duct 3 and back to the passenger 
compartment 1. The blending of the air cooled by the 
evaporator 32 and the air heated by the heater 34 is 
controlled by the angle of the air blend door 33. 

A starter switch 21, an inside air circulation command 
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switch 22, a manual temperature preset device 23 and a 
passenger compartment temperature sensor 24 are arranged 
in the passenger compartment 1. An outside air temperature 
sensor 2 5 is provided outside the passenger compartment 1. 
5 The position of the switch door 6 is controlled by a door 

j; actuator 61. The angle of the air blend door 33 is control- 

h led by an angle controller 331. 

- a computer circuit 7 and an analog-to-digital converter 

S are provided to control the air conditioning system of 
J 10 Figs. 1A and IB. The computer circuit 7 comprises a clock 
■} circuit 71, a central processing unit 72, a random access 

memory 73, read only memory 74, a bus 75 and an I/O 
circuit 7§V "The computer circuit 7 is powered by a voltage 
(e.g. 5 volt) stabilized power source (not shown in Fig. IB) 
15 which is powered by a storage battery provided in the 

vehicle. The read only memory 7 4 stores control programs 
defining calculation procedures in steps of control. The 
central processing unit 72 effects the calculation using 
the control programs which are read out step by step from 
20 the read only memory 74. The output signals of the I/O 

circuit 76 are supplied to the door actuator 61, an indicator 
62, the blower 31 and the angle controller 331. The clock 
circuit 71 receives the output of a crystal oscillator 
711". The analog-to-digital converter 8 is connected with 
2 5 the computer circuit 7. The outputs of the starter switch 
21 and the inside air circulation command switch 2 2 are 
supplied to the computer circuit 7. The outputs of the 
manual temperature preset device 23, the passenger compart- 
ment temperature sensor 24 and the outside air temperature 
30 sensor 25 are supplied to the analog-to-digital converter 8. 
Due to the computation effected in the computer 
circuit 7, the status of an initial period of air condition- 
ing is detected and three temperatures k i-e. an outside air 
temperature, an inside air temperature and a preset tempera- 
35 ture are compared. As a result of the computation in the 
computer circuit 7, this control signals produced by the 
I/O circuit 76 of the computer circuit 7 are supplied to 
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35 



the door actuator 61, the blower 31 and the angle controller 
331 to effect the - selection between the circulation of 
inside air and the introduction of outside air. 

The control procedure for controlling the door actuator 
5 61 will not be described with reference to a logic flow 
chart Fig. 2. 

The computer circuit 7 starts operation by receiving 
a power supply with a stabilized voltage from the voltage 
stabilized power source. The ■ computer circuit 7 effects 
10 the calculation of the control programs of the order of 

millisecond with the cycle of the order of hundred milli- 
seconds. ^At the beginning of the procedure, the on/off 
conditio of the starter switch 21 is determined at a step 
a. If the starter switch 21 is in an ON state, a flag 
15 which indicates the status of the initial period of air 
conditioning is set at a step b, while if the starter 
switch 21 is in an OFF state, the procedure proceeds 
directly to a step c without passing through step b. At 
the step c, the variables, i.e. Tr (passenger compartment . 
temperature) , Ta (atmospheric temperature) and Tp (preset 
temperature) , which are detected by the passenger compartment 
temperature sensor 24, the outside air temperature sensor 
25 and the manual temperature preset device 23, are supplied 
to the computer circuit 7 via the analo g -to-di g ital con- 
verter 8. Then the procedure proceeds to a step d where 
the existence of a flag is determined. if a flag exists, 
the procedure proceeds to a step e which is the first" step 
of the initial period control steps, while if no flag 
exists, the procedure proceeds to a step j which is the 
fix st step of the steady period control steps. 

Comparisons between Tr and Ta, and, Tr and Tp, are 
effected in steps e, f and g. Either the step h, which 
instructs the introduction of outside air, or a step i, 
which instructs the circulation of inside air, is selected 
according to the results of the judgements in the steps e, 
f and g. 

Wheather or not the inside air circulation command 
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switch 22 is in an ON state is determined at the step j to 
ceiect either a step k which instructs the circulation of 
inside air or a step I which instructs the introduction of 
outside air. 

After steps h, i, k and I, the procedure proceeds to 
a step m where it is determined whether or not the absolute 
value of the difference between Tp and Tr is less than one 
degree centigrade. If this absolute value is less than 
one degree centigrade, the flag is reset at a step n and 
V 10 the procedure is terminated. However, if this absolute 

value is not less than one degree centigrade, the procedure 
is terminal**! without passing through the step n. 

Examples of the manner of control of the system of 
Figs. 1A and IB will now be explained with reference to 
15 Fig. 2. Firstly , a control manner for the condition: 

Ta > Tr > Tp or Ta < Tr < Tp 

is explained. This condition is realized when the passenger 
20 compartment temperature is between the atmospheric tem- 
perature and the preset temperature. In the initial 
period of air conditioning, the procedure proceeds from 
the step a through the steps b, c and d to the step e. 
Under the above mentioned temperature condition, the 
25 procedure proceeds either from the input of the step e 

through the input of the step f to a Y (yes) output of the 
step f or from the input of the step e through the input 
of the step g to an N (no) output of the step g. Thus, 
the inside air circulation instruction (step i) is produced 
3 0 in the I/O circuit 76 of the computer circuit 7 so that 

the door actuator 61 is controlled to make the position of 
the switch door 6 be in its lowermost position. Accordingly, 
the air conditioning by inside air circulation is carried 
out. Even if the procedure proceeds to the step m, the 
35 result of judgement at the step m is N (no) because in the 
initial period of air conditioning the difference between 
Tr and Tp is usually greater than one degree centigrade. 
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The above described procedure from the step a via the 
steps b, c, d, e, f , g and i to the N (no) output of the 
step m is repeated until the judgement at the step m 
becomes Y (yes) regardless of whether the step a is at 
N (no) . 

When the judgement at the step m becomes Y (yes) as a 
result of air conditioning of the passenger compartment 1, 
the step n produces an instruction to reset the flag. 
Then, the judgement at the step d becomes N (no) and "the 
procedure proceeds to the step j. if the inside air 
circulation command switch 22 is in an OFF state, the 
judgement Jt the step j produces a N (no) output 'and the 
instruction of introduction of outside air is produced at 
the step i so that the I/O circuit 76 of the computer 
circuit 7 controls the door actuator 61 to make the position 
of the. switch door 6 be in its uppermost position. Accord- 
ingly, the manner of air conditioning is changed from 
inside air circulation to an introduction of outside air. 
Then, the above described procedure from the step a via 
20 the steps d, j and £ to the step n is repeated. 

During this repetition, if the inside air circulation ■ 
command switch 22 is switched on, the judgement at the 
step j becomes Y (yes) so that the instruction of inside 
air circulation is produced at the step k so that the I/O 
circuit 76 of the computer circuit 7 controls the door 
actuator 61 to make the position of the switch door 6 be 
in its lowermost position. Accordingly, the manner of air 
conditioning is changed from an introduction of outside 
air to inside air circulation. 

secondly, a control manner for the condition: 

Tr > Ta > Tp 

is explained. This condition is realized when the air 
35 conditioning is applied to an automobile which is not in 
motion and has its doors and windows closed when the 
atmospheric temperature is high. m this case, the passenger 
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compartment temperature has been raised extraordinarily 
higher than Ta and 7p. In the initial period of air 
conditioning, the procedure proceeds from the steps a 
through b, c and d to the step e. Under the above mentioned 

1 temperature condition, the step e produces the Y (yes) 
output V7hich is supplied to the step f , and then the step 
f produces the N (no) output which is supplied to the step 
h. Thus the introduction of outside air instruction is 
produced in the I/O circuit 7 6 of the computer circuit 7, 

■ 10 so that the air conditioning by introduction of outside 

air is caiyried out in order to discharge quickly the heat 
accumulated.- in, the passenger compartment 1. Although the 
procedure proceeds to the step m, the result: of judgement 
at the step m is N {no) because the difference between Tr 
15 and Tp is greater than one degree centigrade. 

The above described procedure from the step a via the 
steps b, c, d, e, f and h to the N (no) output of the step 
m is repreated until the room temperature Tr falls down to 
the atmospheric temperature Ta . When the room temperature 
20 Tr falls below the atmospheric temperature Ta the step e 
produces H (no) output wnich is supplied to the step g . 
Then, the step g produces 13 (no) output which is supplied 
to the step i. Accordingly, the circulation of inside air 
instruction is produced in the I/O circuit 7 6 of the 

2 5 computer circuit 7 so that the air conditioning by the 

circulation of inside air is carried out. 

After further air conditioning is carried out, when 
the difference between Tr and Tp is reduced to less than 
one degree centigrade, the judgement at the step m becomes 

30 x (yes) and the step n produces an instruction to reset 

the flag. Then, the judgement at the step d is turned to 
N (no) ana the procedure proceeds to the step j. If the 
inside air circulation command switch is in an OFF state, 
the judgement at the step j produces a N (no) output and 

35 the instruction of introduction of outside .air is produced 
at the step I so that the air conditioning by introduction 
of outside air is carried out. 

BAD ORlGINAt 
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A modified embodiment of a switch door is illustrated 
in Fig. 3. The lowermost position of the switch door 6 00 
is limited by a stopper 601. When the door 600 is in such 
a lowermost position limited by the stopper 601, air 
5 conditioning is carried out by both circulation of inside 
air and introduction of outside air. However, when the 
door 6 00 is in the uppermost position, air conditioning is 
carried out by the introduction of outside air. The 
instruction of circulation of" inside air produced by the 
10 I/O circuit 76 (Fig. IB) causes the position of the door 

600 to £e in the lowermost position limited by the stopper 
601, wljile the instruction of introduction of outside air 
produced by the I/O circuit 76 causes the position of the 
door 6 00 to be in the uppermost position. 
15 With regard to the apparatus of Figs. 1A and IB, it 

is possible to use a microcomputer as the computer circuit 7. 
A microcomputer of 8048 type, manufactured by INTEL CORP. 
may be used. It is also possible to located one fan at 
the inlet 5 for introducing outside air and locate the 
20 other fan at a portion 35 of the duct 3 for circulating 
inside air, in place of the switch door 6. In such a 
case, switching between the outside air introduction and 
the inside air circulation can be carried out by switching 
selectively between these two fans. 
25 It is possible to combine the control of the flow 

rate of the blower 31 to the control of the introduction 
of outside air and the circulation of inside air in the 
intial period of air conditioning as described hereinbefore 
with reference to Figs. 1A,*1B, 2 and 3. Such a control 
30 of flow rate of the blower 31 can be effected in such a 
manner that the introduction of outside air is conducted 
at the maximum flow rate and the flow rate for the circula- 
tion of inside air is controlled so that the flow rate is 
reduced gradually from the maximum flow rate. 
35 It is possible to determine the ratio Tr < Tp prior 

to determining that of Tr > Ta, instead of determining the 
ratio Tr > Ta prior to determining that of Tr < Tp as 
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described hereinbefore . 

It is possible to change the position of the switch 

door 6 by manual operation by a person in the passenger 

compartment in accordance with indications of the indicator 
5 62 which indicates the door control signal produced by the 

I/O circuit 76, instead of by the automatic control by the 

door actuator 61 described hereinbefore. 

It is possible to add controls by the detect of 

harmful gases, by the detection of the capacity of air 
10 conditioning, by the detection of humidity and the like to 

the control by the inside air circulation command switch 

22 described hereinbefore. 

It ~±s possible to present a value in the computer 

circuit 7 which corresponds to the preset temperature, for 
15 example, 25° C, instead of conducting the temperature 

preset by the manual temperature preset device 23 as 

described hereinbefore. Also, it is possible to provide 

means for modifying the above mentioned preset value in 

the computer circuit 7 in accordance wirh a change in 
20 atmospheric temperature. 
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CLAIMS 

1. A method for air conditioning for vehicles with 
passenger compartments by controlling circulation of 
xnsxde air and introduction of outside air in which an 
inlet for inside air and an inlet for outside air are 
selectively opened and closed, and the circulation of 
xnsxde air and the introduction of outside air are selec- 
tively effected, characterized in that said method comprises: 
a srep of detecting a temperature of a vehicle passenger 
compartment, atmospheric temperature and a preset temperature 
in an xnxtial period of air conditioning, a step of judging 
the results of comparisons between said temperatures and a 
step of-switching between air conditioning by the circulation 
cf xnsxde air and air conditioning by the introduction of 
outside air. 

15 2. An apparatus for air conditioning for vehicles 

by controlling circulation of inside air and introduction 
of outside air in which an inlet for inside air and an 
xnlet for outside air are selectively opened and closed 
and the circulation of inside air and the introduction of 
outsxde air are selectively effected, characterized in 
that saxd apparatus comprises: 

means for sensing a temperature of a passenger 
compartment of a vehicle and an atmospheric temperature, 
means for presetting a preset temperature, 
switch means for causing a start of the air 
conditioning, and, 

computer means for producing a control 
signal for selectively opening and closing said inlet for 
xnsxde air or said inlet for outside air in accordance 
wxth data supplied by said temperature sensing and presetting 
means m an initial period of air conditioning. 

3. An apparatus as defined in Claim 2 wherein said 
selective opening and closing of inlet for inside air or 
xnlet for outside air is effected by the operation of a 
35 door actuator. 
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An apparatus as defined in Claim 2 wherein said 
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selective opening and closing of inlet for inside air or 
inlet for outside air is effected with the limitation by a 

stopper for a door. 

5. An apparatus as defined in Claim 2 wherein said 
computer means receives an outputs of a starter switch so 
that the on/off condition of the starter switch is determined 
in a step of calculation by said computer means. 
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